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Description 

TRANSMISSION ARRANGEMENT, USE OF 
SAID TRANSMISSION ARRANGEMENT 
AND A VEHICLE PROVIDED WITH SAID 
TRANSMISSION ARRANGEMENT 

Cross Reference to Related Applications 

[0001] The present application is a continuation patent applica- 
tion of International Application No. PCT/SE02/01204 
filed 19 June 2002 which was published in English pur- 
suant to Article 21(2) of the Patent Cooperation Treaty, 
and which claims priority to Swedish Application No. 
0102478-5 filed 10 July 2001. Both applications are ex- 
pressly incorporated herein by reference in their en- 
tireties. 
Background of Invention 

Technical Field 



[0002] The present invention relates to a transmission arrange- 
ment for distributing tractive force (power) in a vehicle, 



between a first transmission branch and a second trans- 
mission brancli, tlie transmission brandies being con- 
nected to one anotlier by way of a forl< and one transmis- 
sion brancli being directly connectable to at least one 
wheel contact surface. 
[0003] The invention furthermore relates to a vehicle having at 
least two driving wheels, comprising (including, but not 
limited to) a first transmission branch and a second trans- 
mission branch, the transmission branches being con- 
nected to one another by way of a fork and one transmis- 
sion branch being directly connectable to at least one 

wheel contact surface. 
Background of Invention 

[0004] A fundamental problem in all vehicles with drive to multi- 
ple wheel contact surfaces is how the driving force is dis- 
tributed. It is desirable to control the speed of the wheels 
so that the wheel slip in the longitudinal direction is the 
same at all wheel contact surfaces, since excessive wheel 
slip at individual wheel contact surfaces is thereby pre- 
vented. The wheel slip is the scaled difference between 
the speed of the wheel at the wheel contact surface and 
speed of the ground at the same point. Low tractive force 
at contact surfaces with low friction is automatically com- 



pensated for by increased tractive force at contact sur- 
faces with liigh friction. 

[0005] Given similar ground conditions, the coefficients of fric- 
tion utilized will be approximately the same regardless of 
the prevailing vertical load at each wheel contact surface. 
This means that the tractive force is automatically dis- 
tributed in proportion to the vertical load, which gives op- 
timum efficiency in transmitting force to the ground. 

[0006] One easy way of producing the desired equality in longi- 
tudinal slip is to mechanically connect the driving of all 
wheel contact surfaces in the driveline. Problems arise, 
however, when cornering. In this context the ground will 
move at different speeds at the various wheel contact sur- 
faces. The ground under the outer wheels moves at a 
higher speed than the corresponding inner wheels since 
the outer wheels have a greater distance to cover in the 
same time as the inner wheels. 

[0007] For the same reason, the ground under the front wheels 
generally moves at a higher speed than under the rear 
wheels. In certain articulated vehicles, such as loaders, the 
drive to the front and rear axle is mechanically linked. The 
aim is to eliminate the problem of different speeds under 
the two axles by placing the steering joint midway be- 



tween the front and rear axle, which when driving with a 
constant radius of curvature gives the same ground speed 
under both axles. The rotational speeds are the same due 
to the mechanically linked drive. With superelevation of 
the stationary vehicle, however, which is a common work- 
ing situation for loaders, the two axles will be drawn 
closer to one another which means that the ground under 
each axle moves in opposite directions. This results in 
slipping at the wheel contact surfaces and loads in the 
driveline that will reduce its service life. There is obviously 
also the outstanding inner/outer wheel problem. 

[0008] In the majority of vehicles, such as four-wheel drive cars, 
trucks with 4x4 and 6x6 drive and articulated transport 
vehicles, the vehicle concepts are such that it is impossi- 
ble to alleviate the front/rear axle problem through suit- 
able location of the steering Joint. 

[0009] The problem of also distributing the tractive force when 
cornering is conventionally solved by dividing the torque 
in a specific ratio by means of a differential. The rotational 
speed is then controlled by the speed of the ground at the 
various contact surfaces and by the wheel slip. The fact 
that wheel slip is not controllable, however, is something 
of a disadvantage. If the product of the vertical load and 



the ground friction does not correspond to the torque ra- 
tio in the differential, the wheel slip may increase uncon- 
trollably, the wheels slip and the total tractive force trans- 
mitted is limited by the slipping wheel contact surface. 
[0010] The difficulty of the uncontrolled wheel slip is usually al- 
leviated by various measures for braking the wheel slip, 
for example by using so-called differential locks. A dog 
clutch which mechanically locks the differential is the old- 
est and still perhaps the most common solution. The dis- 
advantage is that the speed differential when cornering 
manifests itself as wheel slip at the actual wheel contact 
surfaces. This produces great torque loads, which short- 
ens driveline service lives, increases losses and results in 
heavy tire wear. 

[0011] Another solution aimed at limiting the slip in the case of 
differentials is to use the service brake to increase torque 
at the slipping wheel contact surface and thereby control 
the slip. The difference in rotational speed in braking cor- 
responds to the vehicle speed, which can result in certain 
losses. 

[0012] If the brake torque is instead applied inside the rotating 
differential, the difference in rotational speed will corre- 
spond to the difference in the curve radius and thereby 



give rise to smaller losses than in the solution using the 
service brake. In straight-line driving no losses are sus- 
tained since the difference in rotational speed is zero. 
Various solutions are adopted for solving the problem of 
controlling the brake torque via the differential. One com- 
mon solution is based on the fact that the brake torque 
increases in proportion to the transmitted drive torque, 
through discs or friction in the gear system. Such solu- 
tions will result in braking when cornering, even in the 
current absence of slipping at a wheel contact surface. 
This results in losses and wear. 
[0013] It is usual, especially on passenger cars with 4WD, for the 
main drive to occur on one axle, the second axle con- 
tributing to the drive in the event of a rotational speed 
difference between the axles. So-called viscous couplings 
are an example of this type of solution, the torque on the 
second axle increasing when the difference in rotational 
speed increases. In another similar solution, the difference 
in rotational speed builds up a cumulative hydraulic pres- 
sure, which actuates a multiple disc clutch, which trans- 
mits drive torque to the second axle. If the drive axle 
slips, a difference in rotational speed is created, which 
transmits torque to the second axle. This is all very well if 



the vehicle is running in a straight line. When cornering, a 
difference in rotational speed occurs between front and 
rear axles because the front axle travels a greater distance 
than does the rear axle in the same time period. The cou- 
pling between front and rear axle cannot differentiate 
whether the difference in speed is the result of slipping 
wheels or of cornering. A load is therefore produced, by 
way of the driveline coupling, between the front and rear 
axle. This manifests itself as slipping in opposite direc- 
tions at the wheel contact surfaces of the two axles, which 
gives rise to forces, braking forces on the front axle and 
driving forces on the rear axle. Drive torque forces add to 
this, which can lead to the rear axle slipping away when 
cornering, the driver being unable to anticipate such be- 
havior. This is obviously a safety risk. 
[0014] This is accentuated by the tires used on passenger cars 
nowadays, which are designed to provide high "cornering 
stiffness;" that is to say, high lateral force absorption at a 
small angle of drift. This also results in high longitudinal 
force absorption in the event of slight wheel slip, which 
means that high longitudinal force is attained even in the 
event of moderate wheel slip. However, the capacity to 
withstand lateral force falls rapidly with increased longitu- 



dinal force so that the conditions for uncontrolled skid- 
ding are soon reached. 
Summary of Invention 

[0015] An object of the invention is to provide a safe, simple and 
robust energy and cost-effective solution to the prob- 
lem(s) described above, and which gives small losses and 
a long service life through the ability to avoid high torque 
loads when cornering. A transmission arrangement de- 
signed for achieving this objective, that is for distributing 
tractive force in a vehicle between a first transmission 
branch and a second transmission branch, has transmis- 
sion branches that are connected to one another by way 
of a fork and one transmission branch being directly con- 
nectable to at least one wheel contact surface. According 
to the invention, the second transmission branch is con- 
nected to the fork by way of a control unit provided with 
control means for varying the transmission ratio in this 
branch. Through this design of the transmission arrange- 
ment, a transmission ratio between an input shaft and an 
output shaft can be adjusted with great accuracy. The so- 
lution according to the invention eliminates both the dif- 
ferential and the disadvantages thereof. The transmission 
ratio is suitably continuously variable. 



[0016] According to one embodiment of the invention, the con- 
trol unit comprises a planetary gear-set with sun gear, 
planet carrier with planet wheels and internal gear, to- 
gether with a control motor that is designed to influence 
the transmission ratio of the planetary gear-set. 

[0017] The control motor is suitably connected to the planetary 
gear-set by way of an element having a large difference in 
efficiency between the drive directions. The element may 
consist, for example, of a worm gear. Alternatively the el- 
ement consists of a hypoid gear. 

[0018] According to one embodiment of the invention, the con- 
trol motor is connected to the sun gear. 

[0019] According to another embodiment of the invention, the 
control unit comprises a continuously variable gear. 

[0020] A vehicle configured according to the teachings of the in- 
vention has at least two drive wheels comprises a first 
transmission branch and a second transmission branch. 
The transmission branches are connected to one another 
by way of a fork and one transmission branch being di- 
rectly connectable to at least one wheel contact surface. 
The second transmission branch is connected to the fork 
by way of a control unit that is provided with control 
means for varying the transmission ratio in this branch. 



[0021] In a preferred embodiment of such a vehicle, the control 
unit uses the steering lock angle of the vehicle as control 
parameter. 

[0022] According to another embodiment or variant of the vehi- 
cle, the control unit comprises a planetary gear-set, with 
sun gear, planet wheels and internal gear, the sun gear 
being connected to a control motor, which is designed to 
influence the transmission ratio of the planetary gear-set. 

[0023] In this case, the connection between the internal gear and 
the axle differential may extend coaxially through the sun 
gear, the control motor interacting with the sun gear by 
way of a gear. In addition, input and output shafts may be 
arranged coaxially or parallel, depending on the actual in- 
stallation. 

[0024] Alternatively, the control unit may be fitted between an 

output drive shaft emerging from the axle differential and 
a second axle differential in such a way that the drive 
shaft interacts directly with the planet wheels and the sec- 
ond axle differential interacts directly with an internal 
gear. 

[0025] Further still, the control unit may be fitted between a drive 
shaft and a hub reduction gear in such a way that the 
drive shaft interacts directly with the internal gear of the 



control unit and the planet wheels of the control unit in- 
teracts directly with the sun gear of the hub reduction 
gear. The control unit and the hub reduction gear can 
thereby be jointly fitted in a suspension arm that is piv- 
oted coaxially with the drive shaft. 
[0026] According to yet another advantageous embodiment of 

the invention, the vehicle is an articulated truck, such as a 

dumper. 
Brief Description of Drawings 

[0027] jhe invention will be described in more detail below, with 
reference to embodiments illustrated in the accompanying 
drawings, in which: 

[0028] FIG. 1 shows a top view of an articulated truck of known 
design, and in which, when cornering, the part of the ve- 
hicle carrying the engine is swiveled relative to the load- 
carrying part; 

[0029] FIG. 2 shows a diagram of a transmission arrangement 
configured according to the teachings of the present in- 
vention; 

[0030] FIG. 3 shows a diagram of a transmission arrangement 
configured according to the teachings of the present in- 
vention in a first application, forming part of a transmis- 
sion for an off-road vehicle. 



[0031] FIG. 4 shows a diagram of a transmission arrangement 
configured according to tlie teacliings of tlie present in- 
vention in a second application, forming part of a trans- 
mission for an off-road vehicle; 

[0032] FIG. 5 shows a diagram of a transmission arrangement 
configured according to the teachings of the present in- 
vention in a third application, forming part of a transmis- 
sion for an off-road vehicle; and 

[0033] FIG. 6 shows a diagram of a transmission arrangement 
configured according to the teachings of the present in- 
vention in a fourth application, forming part of a trans- 
mission for an off-road vehicle. 
Detailed Description 

[0034] Figure 1 shows a top view of an articulated truck 10 of the 
so-called dumper type which in a known manner has a 
front vehicle part 11 carrying the engine and a rear vehicle 
part 12 carrying the load. The two vehicle parts are con- 
nected by way of a vertical articulated shaft 13. The load- 
carrying vehicle part is provided with a tipping load body 
14, which can be raised/tipped by means of hydraulic 
cylinders 15. The vehicle parts 11, 12 are also connected 
to one another in a known manner so that they can pivot 
about a horizontal articulated shaft in a manner that en- 



ables the vehicle parts to rotate in relation to one another 
about the longitudinal axis of the vehicle. Hydraulic cylin- 
ders that are arranged on either side of the articulated 
shaft 4 are used for steering the vehicle when cornering, 
the front part of the vehicle being angled about the verti- 
cal articulated shaft 13. 

[0035] According to the state of the art, the drive torque deliv- 
ered by the vehicle engine is transmitted to the first wheel 
axle 16 arranged on the load-carrying part 12 of the vehi- 
cle by way of a mechanical transmission comprising a first 
cardan shaft, which connects' the vehicle gearbox to the 
differential of the wheel axle 16. A second cardan shaft is 
arranged between the first wheel axle and a further wheel 
axle 17 arranged on the load-carrying part of the vehicle 
12, for transmission of the drive torque delivered by the 
engine. Each of the wheel axles 16, 17 is provided with 
wheels 16a, 16b, 17a, 17b. The engine-carrying part 11 
of the vehicle is provided with awheel axle 18 having 
wheels 18a, 18b. 

[0036] Since the distance between each vehicle axle 16, 17 and 
18 and the vertical shaft 13 varies greatly, the wheel axles 
will follow essentially different turning radius when cor- 
nering. Thus the wheel axles 16, 17 on the load-carrying 



part of the vehicle follow the turning radius Rl, while the 
wheel axle 18 on the engine-carrying part of the vehicle 
follows the turning radius R2. Due to the fact that the 
turning radius R2 is substantially larger than the turning 
radius Rl, the wheels 18a, 18b must cover a significantly 
longer distance than the wheels on the load-carrying part 
of the vehicle. In order to prevent these differences from 
giving rise to torque load in the power transmission from 
the engine to the individual wheels, there is a need for an 
individual adjustment of the rotational speed on each 
wheel axle. 

[0037] Figure 2 shows a transmission arrangement configured 
according to one embodiment of the present invention. 
This embodiment comprises a control unit 19 which may 
be connected to an engine by way of an input shaft 20, 
and connected to a drive shaft by way of an output shaft 
21. In this exemplary embodiment, the control unit 19 
comprises a planetary gear-set 22 having a sun gear 23, a 
planet carrier with a number of planet wheels 24 and an 
internal gear 25. The sun gear 23 is connected by way of a 
gear 26 to a control motor 27. The control motor 27 is 
normally idle, a fixed transmission ratio being obtained 
between the input shaft 20, which in this exemplary em- 



bodiment is connected to the planet carrier 24a, and tlie 
output shaft 21, which in this exemplary embodiment is 
connected to the internal gear 25. When the control motor 
27 begins to drive the sun gear 23, the transmission ratio 
is modified so that the internal gear rotates faster with a 
continuously variable speed which varies as a function of 
the speed of the control motor. Variants of planetary 
gear-sets other than that described above are feasible. 
The control motor 27 may comprise a continuously vari- 
able gear. 

[0038] The control motor 27 may be connected to the planetary 
gear-set by way of an element having a greatly differing 
efficiency between the drive directions. For example, this 
element may be a worm or hypoid gear assembled to- 
gether with the control motor. 

[0039] Other variants of planetary gear-sets or a conventional, 

mechanical continuously variable gear may be alternatives 
to the planetary gear-set 22 used in the control unit 19 
according to Figure 2. 

[0040] Figure 3 shows a variant of the invention in which the 

control unit 19 is located between a drive shaft 28, which 
extends between an engine 29 and a differential housing 
situated in the load-carrying part 12 of the vehicle and 



connected to either of the wheel axles 16, 17, and a drive 
shaft 30 which is connected to a differential housing, sit- 
uated in the engine-carrying part 11 of the vehicle and 
connected to the wheel axle 18. Here, the control unit 19 
is used for speed adjustment of the wheel axle 18, for ex- 
ample when cornering. 

[0041] Figure 4 shows another variant of the invention in which 
the control unit 19 is located between the drive shaft 28 
and the drive shaft 30 in a way corresponding to the pre- 
vious exemplary embodiment. One difference is that the 
internal gear 25 is connected to the drive shaft 30 by way 
of a shaft extending concentrically through the sun gear 
23. This variant of the invention gives a more compact in- 
stallation than the preceding exemplary embodiment. 

[0042] Figure 5 shows another variant of the invention in which 
the wheel axle 18 is equipped with two control units 19, 
one for each front wheel. In this case the drive torque is 
fed by way of the drive shaft 30 and an angular transmis- 
sion 31 to the wheel axle 18 which is connected to the in- 
ternal gear 25 concentrically through the sun gear 23. The 
planet carrier 24a is in turn connected to the gear 18b by 
way of a conventional hub reduction gear 32. In this case 
the speed of both wheels of the wheel axle 18 can be in- 



dividually and continuously varied whicli means tliat tliere 
is no need for a conventional inter-axle differential and 
axle differential. 

[0043] Figure 6 shows a variant of the preceding exemplary em- 
bodiment of the invention, in which the wheel axle 18 is 
provided with two control units 19, one for each front 
wheel, of which only one control unit is shown in Figure 6. 
In this case, each control unit may be located in a suspen- 
sion arm 33 which is concentrically supported on one side 
of the vehicle frame in relation to the wheel axle 18. This 
solution gives great freedom of installation in the vehicle, 
for example in locating the drive system. Furthermore, the 
transmission unit of each front wheel can be made readily 
accessible for servicing work. 

[0044] The control unit 19 is suitably designed so that it func- 
tions with the minimum loss of power in the most com- 
mon application for the vehicle, for example in straight- 
line driving. By detecting the steering lock angle of the 
steering system, the speed of each wheel can be adjusted 
to cornering requirements. The control unit is capable of 
active driving/braking whilst cornering in order to reduce 
the steering radius of the vehicle. The drive/brake torque 
of the vehicle can also be reduced on any bogie wheel in 



order to reduce the risk of skidding. Compared to con- 
ventional traction control systems, arrangements config- 
ured according to the present invention are capable of 
controlling the drive torque more effectively since drive 
torque can be shifted from a slipping wheel (reduced) to a 
non-slipping wheel (increased). The invention also makes 
it possible to readily adjust the drive torque distribution in 
a vehicle in consideration of load conditions. For example, 
the drive power can be distributed differently between the 
axles depending on whether or not the vehicle is loaded. 
[0045] The invention must not be regarded as being limited to 
the exemplary embodiments described above, a number 
of further variants and modifications being feasible with- 
out departing from the scope of the claims. The invention 
may be used at a plurality of points in a vehicle, for exam- 
ple as a replacement for various differentials, or in power 
transmissions between a tractor vehicle and a driven car 
or trailer. 



